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An Interactive Music Performance System for Enhancing
Rhythmic Synchrony in Embodied Communication
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Abstract: In sports training and rehabilitation with embodied communication, it is expected that their effects can be increased
with increasing synchrony between partners through mutual interaction. In this study, we propose an interactive music
performance system equipped with wearable sensors and wireless communication modules, in which multiple players
cooperatively playing music games together for increasing their synchrony. In our system, a player as a trainee is never forced to
be synchronized with any teaching signal in a top-down manner, and the players become in synchronization with each other
through collaborative music performance and synchronous rhythm can be generated in a bottom-up manner. Each player makes
efforts to adjust the timing of the sounds of the music through their embodied communication. The rhythmic synchrony is
evaluated as the ratio of the number of synchronized events to the cumulative events, and the degree of the rhythmic synchrony is
reflected in visual and auditory information presented on a computer in real-time, enhancing the rhythmic synchrony among the
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players effectively.

1. XC®IC

BN Ho TS, MW E2 HiH 5 ), TR |
LRIAIND LI, NEANERHRANZ AT 2X(TT D
Bz rao=—(EfBREmEs 2 RNMb5TND
BLOWFERSCKAMO X512, LENEEEOI X5 ibHE
HRIFANREE Y, ZOMEE L THENRMNIELD Z L
X, AT rm=— (BB LLTHLRATND
[1]. 2oL E2DHRERMRETNIL, FHLIFRREO R Z—1,
MO X A 27, RO Y XA, S 5ICiROEoSE) &
WO o ATEN LU D AIIATRE) L~ VIZE D £ TIAVREE
Wbl Blllahd. SFFEtEodAaIa=r—vayr
WZRWWTIE, & MO RFIEM D & E 0 F856 0 4 F R <
AR, REREENEM L TL B2 £, FIRMFEH

t1 R ESLR
Hiroshima City University
t2 R L3ERY:
Hiroshima Institute of Technology

© 2017InformationProcessingocietyof Japan

LOLHEMRIFANER SND Z EIRENTVD. Lz
ﬁ,UXAE%@@%KiD%EﬁK%mTEME%ﬁ%
EREEDZEMRESNTWAI3]. %72, BTEics
WA, fhai - e - mhfuéﬁ%éﬁﬁéfﬁﬂﬂ‘f’&50>E§§£iﬁ
HWThDZ ENREINTOSA]L X 5Hic, U R AT
KOBERFFEZEIHRN I a=r—aitBnT
BHRBEDREZM ETHIENRINTNAB[BL. Z0kH
) RLRFE, FlEIALBE (m FL A AV R) (K
DELTHMOLNTEY, XA T IV AT AT I —F
I &0 IR ZEOBLA D HAFIE S LTV 5[6]-[8].

IO EE, FEMFER, R XAFREED D
X, AR=Y L= RN Y T—varok

2, R aIa=r—va VAR IO R 2
THIZATEELVLEDOTHDI LEREL TS, B
WMRIZBNT, EEIRFRRA ¥ 77 v arOf-dniEg
RLET AL ST A ARREINTND[9]. Z oW
“@W%%W@W%Wmfﬁﬁéﬁé4y&i7yaVV

EHER LB E EFEEH RSS2 W

864



TR S £ VRS 7> 5 Y 2017
IPSJInteraction2017

ELA,
RIFD/Z—2,
HEEDEAIVY,
IFRD X Ls

BF &
\

BIERAABER

B AR5 EAH
CED

A

[ 1 A

FBAHOTNS), IFREHDE D), [ OFR)

M 1 HEHNaIa=r—vaiciBilrsy XAMH
(BlEARBIE). FELS, RIEOARZ =, FHEESLHFO
ZAILT, RO Y LD X DI, {THL~Ur S Hla
TEED LAJUICE D E T, IRRWVEEE CBIR S 2 B4,
Figure 1 Rhythmic Synchrony (Entrainment) in Embodied
Communication.
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Figure 2 The configuration of the proposed system.
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Figure 3 Conceptual illustration of the proposed system.
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Figure 4 Detection of Synchronized Events.
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Figure 5 Music Performance.
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Figure 6 Waveforms of Acceleration Data.

5, FEHEAILDERE

AT, BEROBEDBFOICERELRTH LT
FAEZEDDZEEEHME LAV E T 7T 4 T 5
HBEVAT LAERE L. BVAT AT, FHELR
LREVBREZICH y FHE B ZAENRD DT
L, BEEOBERICIVENDY =2 AF v —Z2FNND
ELTARMNLAT v 7MY AL EERTHZ ECTHRIFAES
w5, i, EEMCRIFAELZFML AT AOBEIC
MM EE 572010, BEOBHEDOHEHBENRFRM LA~k
BIZEB LY U IV TERERFTMT LT AL EFEL
TW5. FFEZAa7E LTREBRICEVIRTREND
ELHICHREER (FH) LT — Ry ENndY
OO, HEY FEY ZEENRTERINY ETHILET, &
A 2T 7 varEhifiniiicLTnsg.

SENE, 1TE L~V TORMIA N MIEH L CHRRE
ZER LM L7722y, fERIICITAERE B ORI ZE 5
NI 22 LI XV ERAELZFML T AT AT 4 — K
Ny 7T EbMmALT0D. SEIEREREICOED
FFRE 4 > AT LOBEICI RIS 5 2 LT, B
MoFEala=r—yarzrombd s & n5H4
TE5. iz, Thhboifge LT, AMRITEH®RIEET
THHIRT AT TRy NU—7 BEA LY AT A ERERK
TAHT2T FTITNATNRNAADNY) =—3 g e+ &
T, BB/ TOEED LD e~ VT E— X VI F IR
FAZEO DLV AT LAEHELZW. TO70Is, INEE
ty#%WB%BMt%%EHT@<%%1%Ki@ﬁ%
T5HIELEZXTND , A (EE) HoH IR

ﬁtfr@<@k@%ﬁﬁ@%ﬂﬁf 72D Y AT I
AL, AR—=Y FL—= IR UANE Y TF— g2
JGHLZWEEZTVD

141

© 2017InformationProcessingocietyof Japan

3-406-5¢
2017/3/z

HEE ARUFIRIE, SCHRHRA R R L B He
¥ THERIEHE TR HB L RO B ER A2 F— 4T
) AMER BRERE LF T 077 MBI 5%ED
HEMRIROMAANOREBLZHLOTHY, TOIXEITH
LT, ZZICHBREMICESE#HTD. £2, HRZED
59 ZTOEERITRBITMEE WDV TR BTN R
AL E B HEH PR O B LR IT00 B EGH T

)

SEXH

1)  Morris, D. : Manwatching, Elsevier (1977) REHM R:~> v
+ v F 7 NEOITENEE, /NFAE (1980)

2) Rk : L<EDaia=r—var: NI LAEZED
Bxd I BL 2y va UL EY 14, A2 A4k
(1998)

3) Rabinowitch, T. C. and Knafo-Noam, A. : Synchronous Rhythmic
Interaction Enhances Children’s Perceived Similarity and
Closeness Towards Each Other, PloS One, Vol. 10, No. 4,
€0120878 (2015)

4) Leclére, C., Viaux, S., Avril, M., Achard, C. Chetouani, M.,
Missonnier, S., and Cohen, D. : Why Synchrony Matters During
Mother-Child Interactions: A Systematic Review, PLoS One, Vol.9,
No. 12, 113571 (2014)

5) Gill, S. P. : Rhythmic Synchrony and Mediated Interaction:
Towards a Framework of Rhythm in Embodied Interaction, Al &
Society, Vol. 27, No. 1, pp. 111-127 (2012)

6) Haken, H. : Synergetics: An Introduction Nonequilibrium Phase
Transitions and Self-organization in Physics, Chemistry and
Biology. Springer Series in Synergetics (1978)

7) Kelso, J. A. S. : Dynamic Patterns: The Self-Organization of Brain
and Behavior, MIT Press (1995)

8) WAER:HERWaIa=br—rarilkdssl&irnty

Ttk ~LPABEIHFRN2Ia=r—va v VAT A
E-COSMIC DB ZEL C~. " —H% A =X, Vol. 2,pp.
4-12 (2003)

9) Nishida, J. and Suzuki, K. : bioSync: Wearable Haptic I/O Device
for Synchronous Kinesthetic Interaction, Proc. of IEEE Virtual
Reality, pp. 243-244 (2016)

10) Schmidt, R. C., Morr, S., Fitzpatrick, P., and Richardson, M. J. :
Measuring the Dynamics of Interactional Synchrony, Journal of
Nonverbal Behavior, Vol. 36, No. 4, pp. 263-279 (2012)

11) Delaherche, E., Chetouani, M., Mahdhaoui, A., Saint-Georges, C.,
Viaux, S., and Cohen, D. : Interpersonal Synchrony: A Survey of
Evaluation Methods across Disciplines, IEEE Trans. on Affective
Computing, Vol. 3, No. 3, pp. 349-365 (2012)

12) Emﬁﬁ%ﬁ, PriesE—, MRIRAE, SuBFnEk, B LZEHKE - SenseChair

REEE R OFEFREmBR L, HROEYS (2T 7>
3 //2015 ASCEE, pp. 47-53 (2015)

13) Chu, W. S,, Zeng, J., De la Torre, F., Cohn, J. F., and Messinger, D.
S. : Unsupervised Synchrony Discovery in Human Interaction,
Proc. of IEEE International Conference on Computer Vision, pp.
3146-3154 (2015).

14) Watanabe, K. : Teaching as a Dynamic Phenomenon with
Interpersonal Interactions, Mind, Brain, and Education, Vol. 7, No.
2, pp. 91-100 (2013)

15) #EFKME, OHRRME—, BEURAE, EueFiEk, B LFME . WmEFO
FLBEZ AW S & RIS 58, Ea—~
VA UH T o= AR AR S 4E, Vol. 18, No. 5, pp.
15-18 (2016)

867



	confinfo_j: 情報処理学会 インタラクション 2017
	confinfo_e: IPSJ Interaction 2017
	filename: 3-406-59
	c_date: 2017/3/2
	cprt: © 2017 Information Processing Society of Japan


